Based on the low-energy effective Hamiltonian with generalized factorization, we calculate the new physics contributions to the branching ratios of the two-body charmless hadronic decays of B u and B d mesons induced by the new gluonic and electroweak charged-Higgs penguin diagrams in the general two-Higgs doublet models ͑models I, II, and III͒. Within the considered parameter space, we find the following. ͑a͒ The new physics effects from new gluonic penguin diagrams strongly dominate over those from the new ␥-and Z 0 -penguin diagrams. ͑b͒ In models I and II, new physics contributions to most studied B meson decay channels are rather small in size, from Ϫ15% to 20%. ͑c͒ In model III, however, the new physics enhancements to the penguindominated decay modes can be significant, ϳ(30-200͒%, and therefore are measurable in forthcoming high precision B experiments. ͑d͒ The new physics enhancements to ratios B(B→KЈ) are significant in model III, ϳ(35-70͒%, and hence provide a simple and plausible new physics interpretation for the observed unexpectedly large B→KЈ decay rates. ͑e͒ The theoretical predictions for B(B→K ϩ ) and B(B→K 0 ϩ ) in model III are still consistent with the data within 2 errors. ͑f͒ The significant new physics enhancements to the branching ratios of B→K 0 0
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I. INTRODUCTION
The main objective of B experiments is to explore in detail the physics of CP violation, to determine many of the flavor parameters of the standard model ͑SM͒ at high precision, and to probe for possible effects of new physics beyond the SM ͓1-3͔. Precision measurements of the B meson system can provide insight into very high energy scales via the indirect loop effects of new physics. The B system therefore offers a complementary probe to the searches for new physics at the Fermilab Tevatron, CERN Large Hadron Collider ͑LHC͒, and Next Linear Collider ͑NLC͒ ͓1͔.
In B experiments, new physics beyond the SM may manifest itself, for example, in the following two ways ͓1,3͔: ͑a͒ decays which are expected to be rare in the SM are found to have large branching ratios and ͑b͒ CP-violating asymmetries which are expected to vanish or be very small in the SM are found to be significantly large or with a very different pattern with what predicted in the SM. These potential deviations may be induced by the virtual effects of new physics through loop diagrams.
It is well known that the two-body charmless hadronic decays B→h 1 h 2 ͓where h 1 and h 2 are the light pseudoscalar ͑P͒ and/or vector ͑V͒ mesons͔ play a very important role in studying CP violation and the heavy flavor physics ͓4,5͔. Several groups ͓6-9͔ recently presented their systematic calculations for these B decay channels in the SM by using the low-energy effective Hamiltonian ͓10-12͔ with the generalized factorization approach ͓7,13-15͔. Theoretically, the effective Hamiltonian is our basic tool to calculate the branching ratios and CP-violating asymmetry A CP of B meson decays. The short and long distance quantum chromodynamical ͑QCD͒ effects in the hadronic decays are separated by means of the operator product expansion ͓16͔. The short-distance QCD corrected Lagrangian at next-to-leading order ͑NLO͒ is available now, but we still do not know how to calculate hadronic matrix element from the first principles. One conventionally resorts to the factorization ansatz ͓13͔. However, we also know that the nonfactorizable contribution really exists and cannot be neglected numerically for most hadronic B decay channels. To remedy factorization hypothesis, some authors ͓7,14,15͔ introduced a phenomenological parameter N eff ͑i.e., the effective number of color͒ to model the nonfactorizable contribution to hadronic matrix element, which is commonly called the generalized factorization. On the other hand, as pointed out by Buras and Silvestrini ͓17͔, such generalization suffered from *Email address: zxiao@ibm320h.phy.pku.edu.cn the problems of gauge and infrared dependence since the constant matrix r V appearing in the expressions of effective Wilson coefficients C i eff depends on both the gauge chosen and the external momenta. Very recently, Cheng et al. ͓18͔ studied and resolved above controversies on the gauge dependence and infrared singularity of C i eff by using the perturbative QCD factorization theorem. In addition to the generalized factorization approach, a new approach, called the QCD factorization ͓19͔, appeared recently ͓19,20͔, in which the decay amplitude is described by a kernel containing the ''hard'' interaction given by a perturbatively evaluated effective Hamiltonian folded with form factors, decay constants and light-cone distributions of mesons into which the long distance effects are lumped. And some two-body hadronic B meson decays, such as B→ and K modes, have been calculated in this approach ͓19-21͔.
On the experimental side, CLEO Collaboration reported the observations of thirteen B→ PP, PV decay channels and set new upper limits for many other decay modes ͓22-25͔. The BaBar and Belle Collaboration at SLAC and KEK also presented their first observation for some B→ PP, PV decays at the ICHEP 2000 conference ͓26,27͔. Except for the decay channels B→KЈ, the measured branching ratios for B →h 1 h 2 decays are generally in good agreement with the SM theoretical predictions based on the effective Hamiltonian with factorization. Unexpectedly large B→KЈ rate was firstly reported by CLEO in 1997 ͓28͔, and confirmed very recently by CLEO and BaBar Collaborations ͓23,29,26͔. Although many possible mechanisms such as gluon and/or charm content in Ј and the hairpin diagram have been considered in order to increase the theoretical predictions of B(B→Ј), it is now still difficult to explain the observed large rate for B→KЈ decays ͓23,26,29͔. This fact strongly suggests the requirement for additional contributions unique to the Ј meson in the framework of the SM, or large enhancements from new physics beyond the SM.
According to the studies in Refs. ͓30-33͔, we know that ͑a͒ an enhanced b→sg can lead to a large B(B→ЈX s ), and ͑b͒ the possible contributions to the ratio b→sg in both type I and II two-Higgs-doublet models ͑2HDM͒ are not large enough to meet the requirement ͓30,31͔. Very recently, we calculated ͓34,35͔ the new physics enhancements to the branching ratios B(b→sg) and B(b→qЈqq ) with qЈ ͕d,s͖ and q͕u,d,s͖ induced by charged-Higgs gluonic penguin diagrams in model III ͑the third type of 2HDM͒ with inclusion of NLO QCD corrections ͓36͔, and found that the rate of b→sg in model III can be enhanced significantly. The predicted charm multiplicity n c consequently become consistent with the measured n c , while the agreement between the theoretical predictions and the data of B SL is also improved by inclusion of the new physics effects.
In this paper we calculate the new physics contributions to the branching ratios of exclusive two-body charmless hadronic decays B→ PP, PV,VV from new gluonic and electroweak charged-Higgs penguin diagrams in the general twoHiggs-doublet models ͑models I, II, and III͒. 1 We try to check the size and pattern of new physics effects on the exclusive two-body charmless B meson decays and to see if the new physics contributions in model III can be large enough to provide the required enhancements for B→KЈ decay modes. We will present our systematic calculation of branching ratios for seventy six B→h 1 h 2 decay modes by employing the effective Hamiltonian with the generalized factorization ͓7,9͔. We evaluate analytically all new strong and electroweak penguin diagrams induced by exchanges of charged Higgs bosons in the quark level processes b→qV* with q͕d,s͖ and V͕gluon,␥,Z͖, and then combine the new physics contributions with their SM counterparts and finally calculate the branching ratios for all seventy six exclusive B→h 1 h 2 decay modes. This paper is organized as follows. In Sec. II, we describe the basic structures of the 2HDM's and examine the allowed parameter space of the general 2HDM's from currently available data. In Sec. III, we evaluate analytically the new penguin diagrams, combine the new physics contributions with their SM counterparts and find the effective Wilson coefficients C i eff . In Sec. IV, we present the formulas needed to calculate the branching ratios B(B→h 1 h 2 ). In the following three sections, we calculate and show numerical results of branching ratios for B→ PP, PV, and VV decay modes, respectively. We concentrate on those decay modes with well-measured branching ratios and sizable yields. The conclusions and discussions are included in the final section.
II. THE GENERAL 2HDM AND EXPERIMENTAL CONSTRAINTS
The simplest extension of the SM is the so-called twoHiggs-doublet models ͓37͔. In such models, the tree level flavor changing neutral currents ͑FCNC's͒ are absent if one introduces an ad hoc discrete symmetry to constrain the 2HDM scalar potential and Yukawa Lagrangian. Let us consider a Yukawa Lagrangian of the form ͓38͔ symmetry, therefore, both the up-and down-type quarks get mass from Yukawa couplings to the same Higgs doublet 1 , while the 2 has no Yukawa couplings to the quarks. For model II, on the other hand, the first and fourth term in Eq. ͑1͒ will be dropped by imposing the discrete symmetry. Model II has, consequently the up-and down-type quarks getting mass from Yukawa couplings to two different scalar doublets 1 and 2 .
During recent years, models I and II have been studied extensively in literature and tested experimentally, and model II has been very popular since it is the building block of the minimal supersymmetric standard model. In this paper, we focus on the third type of the two-Higgs-doublet model ͓39͔, usually known as model III ͓38,39͔. In model III, no discrete symmetry is imposed and both up-and downtype quarks then may have diagonal and/or flavor changing couplings with 1 and 2 . As described in Ref. 
and take their vacuum expectation values as the form 
where i j U,D correspond to the diagonal mass matrices of upand down-type quarks, while the neutral and charged flavor changing couplings will be ͓38͔
where V CKM is the Cabibbo-Kobayashi-Maskawa mixing matrix ͓40͔, i, jϭ(1,2,3) are the generation index. The coupling constants i j are free parameters to be determined by experiments, and they may also be complex. 
A. Operators and Wilson coefficients
The standard theoretical frame to calculate the inclusive three-body decays b→sis based on the effective Hamiltonian ͓12,7͔
where C j and C g are Wilson coefficients, and the operator basis reads
with qϭu and qϭc, and 
B. Contributions of the charged-Higgs penguin diagrams
For the charmless hadronic decays of B meson under consideration, the new physics will manifest itself by modifying the corresponding Inami-Lim functions ͓49͔ C 0 (x), D 0 (x), E 0 (x), and E 0 Ј(x) which determine the coefficients We combine the SM part and the new physics part of the corresponding functions to define the functions at the scale ϭM W as follows:
where At the NLO level, the Wilson coefficients are usually renormalization scheme ͑RS͒ dependent. In the NDR scheme, by using the input parameters as given in Appendix and Eq. ͑7͒, and setting M H ϩϭ 200 GeV, ϭ0°, tan ␤ϭ2 and ϭ2.5 GeV, we find the Wilson coefficients C g eff () ϭC g ϩC 5 and C i () with iϭ1, . . . ,10 in the SM and models I, II, and III, and list them in Table I . From the numerical results as listed in Table I , one can easily see the following.
The values of C i () (iϭ1, . . . ,10) in models I, II, and III are almost identical with those in the SM. Only the coefficient C g eff in models II and III are clearly different from that in the SM.
It is the coefficient C g eff partially induced by the new gluonic penguin diagrams which dominates the total new physics corrections to the decay processes under study.
C. The effective Wilson coefficients
We know that the unphysical RS dependence of Wilson coefficients will be cancelled by the corresponding depen- dence in the matrix elements of the operators in H eff , as shown explicitly in Refs. ͓12,50͔. Very recently, Cheng et al. ͓18͔ studied and resolved the so-called gauge and infrared problems ͓17͔ of generalized factorization approach.
4 They found that the gauge invariance is maintained under radiative corrections by working in the physical on-mass-shell scheme, while the infrared divergence in radiative corrections should be isolated using the dimensional regularization and the resultant infrared poles are absorbed into the universal meson wave functions ͓18͔.
The one-loop matrix elements can be rewritten in terms of the tree-level matrix elements of the effective operators ͓7͔
where C i eff () (iϭ1, . . . ,10) are the effective Wilson coefficients. In the NDR scheme and for SU(3) C , the effective
Wilson coefficients C i
eff can be written as ͓7,9͔
where
T , the matrices r V and ␥ V contain the processindependent contributions from the vertex diagrams. As in Ref. ͓9͔, we include vertex corrections to C 7 ϪC 10 here. 5 The anomalous dimension matrix ␥ V has been given explicitly, for example, in Eq. ͑2.17͒ of Ref. 
͑33͒
4 The reliability of the generalized factorization approach is improved by this progress. 5 Numerically, such corrections are negligibly small. The functions C t , C p , and C g describe the penguin-type corrections to the operators Q 1,2 , Q 3, . . . ,6 , and the tree-level diagram of the operator Q g , respectively. We here follow the procedure of Ref. ͓15͔ to include C g in Eq. ͑32͒. The effective Wilson coefficients C i eff in Eq. ͑32͒ are now scheme and scale independent in NLO precision, and also gauge invariant and infrared safe. The explicit expressions of functions C t , C p , and C g in the NDR scheme have been given, for example, in Refs. ͓7,9͔:
with
where zϭk 2 /(4m 2 ) and
where k is the momentum transferred by the virtual gluon, photon, or Z to the qЈqЈ quark pair in the inclusive threebody decays b→qqЈqЈ , and m is the mass of internal uptype quark in the penguin diagrams. For k 2 Ͼ4m 2 , an imaginary part of g(z) will appear because of the generation of a strong phase at the ū u and c c threshold ͓52-54͔.
For the two-body exclusive B meson decays any information on k 2 is lost in the factorization assumption, and it is not clear what ''relevant'' k 2 should be taken in numerical calculation. One usually uses the ''physical'' range for k 2 : m b 2 /4Շk 2 Շm b 2 /2. Following Refs. ͓7,9͔, we also use k 2 ϭm b 2 /2 in the numerical calculation and will consider the k 2 dependence of branching ratios of charmless B meson decays for several typical decay channels.
IV. DECAY AMPLITUDES IN THE BSW MODEL
In numerical calculations, two sets of form factors at the zero momentum transfer from the Bauer, Stech, and Wirbel ͑BSW͒ model ͓13͔, as well as lattice QCD and light-cone QCD sum rules ͑LQQSR͒ ͓55͔ will be used, respectively. ͗X͉J 2 ͉B͘). The explicit expressions of the matrix elements in terms of decay constants ( f X ,g X ) and the Lorentz-scalar form factors A 0,1,2 (k 2 ) and F 0,1 (k 2 ) can be found, for example, in Refs. ͓13,58,7͔.
In the B rest frame, the branching ratios of two-body B meson decays can be written as
for B→ PP decays, and
for B→ PV decays. Here (B u Ϫ )ϭ1.65 ps and (B d 0 )ϭ1.56 ps ͓59͔, p B is the four-momentum of the B meson, M V and ⑀ are the mass and polarization vector of the produced light vector meson, respectively, and ͉p͉ is the magnitude of momentum of particle X and Y in the B rest frame
͑42͒
For B→VV decays, one needs to evaluate the helicity matrix elements H ϭ͗V 1 ()V 2 ()͉H eff ͉B)͘ with ϭ0,Ϯ1. The branching ratio of the decay B→V 1 V 2 is given in terms of H by
͑43͒
The three independent helicity amplitudes H 0 , H ϩ1 , and H Ϫ1 can be expressed by three invariant amplitudes a,b,c defined by the decomposition
where p 1,2 and M 1,2 are the four momentum and masses of V 1,2 , respectively. pϭp 1 ϩp 2 is the four-momentum of the B meson, and
In the generalized factorization ansatz, the effective Wilson coefficients C i eff will appear in the decay amplitudes in the combinations
where the effective number of colors N eff is treated as a free parameter varying in the range of 2рN eff рϱ, in order to model the nonfactorizable contribution to the hadronic matrix elements. It is evident that the reliability of generalized factorization approach has been improved since the effective Wilson coefficients C i eff appeared in Eq. ͑47͒ are now gauge invariant and infrared safe. Although N eff can in principle vary from channel to channel, in the energetic two-body hadronic B meson decays, it is expected to be process insensitive as supported by the data ͓9͔. As argued in Ref. ͓14͔ , N eff (LL) induced by the (VϪA)(VϪA) operators can be rather different from N eff (LR) generated by (VϪA)(VϩA) operators. In this paper, however, we will simply assume that Ϫ16Ϫ7i ͓Ϫ25Ϫ23i͔ . We here will also not consider the possible effects of final state interaction ͑FSI͒ and the contributions from annihilation channels although they may play a significant role for some B meson decays.
Using the input parameters as given in the Appendix, and assuming k 2 ϭm b 2 /2, M H ϩϭ 200 GeV, ϭ0°and tan ␤ϭ2, the theoretical predictions of effective coefficients a i are calculated and displayed in Tables II and III for the transitions b→d (b →d ) and b→s (b →s), respectively. For coefficients a 3 , . . . ,a 10 , the first, second and third entries in Tables II,III refer to the values of a i in the SM and models II and III, respectively. a i in model I is very similar with those in the SM and hence was not given explicitly.
All branching ratios in the following three sections are the averages of the branching ratios of B and anti-B decays. The ratio ␦B describes the magnitude of new physics corrections on the SM predictions of the decay ratios and is defined as
Using formulas as given in the last section, it is straightforward to find the decay amplitudes of B→ PP decays. As an example, we present here the decay amplitude 
where f is the decay constant of meson. The form factor In Tables IV-VI , we present the numerical results of the branching ratios for the twenty B→ PP decays in the framework of the SM and models I, II, and III by using the BSW and LQQSR form factors, respectively. Theoretical predictions are made by using the central values of input parameters as given in Eq. ͑7͒ and the Appendix, and assuming M H ϩϭ 200 GeV, ϭ0°, tan ␤ϭ2, and N For B→KЈ decays, the observed branching ratios are clearly much larger than the SM predictions ͓25,29͔. All other estimated branching ratios in Table IV are, however, consistent with the new CLEO, BaBar, and Belle measurements or upper limits.
In model III, the new physics corrections to most class-II, -IV, and -V decay channels can be rather large and insensitive to the variations of the mass M H ϩ and the color number N eff : from 20 to 90 % with respect to the SM predictions for both cases of ϭ0°,30°. For tree-dominated decay modes ) , the new physics corrections are small in size.
In models I and II, however, the new physics corrections to all B→ PP decay modes are small in size within the considered parameter space: less than 3% in model I, and Ϸ(Ϫ20-0͒% in model II, as shown in Table VI . So small corrections will be masked by other large theoretical uncertainties.
In model III, the new gluonic penguins will contribute effectively through the mixing of chromomagnetic operator Q g with QCD penguin operators Q 3 ϪQ 6 . The C g eff will strongly dominate the new physics contributions to all B →h 1 h 2 decay modes.
The central values of the branching ratios obtained by using the LQQSR form factors will be increased by about 15% when compared with the results using the BSW form factors, as can be seen from Table IV . We therefore use the BSW form factors only to calculate the new physics effects on the ratios B(B→h 1 h 2 ) and treat the difference induced by using different set of form factors as one kind of theoretical uncertainty.
A. B\,K decays
There are so far seven measured branching ratios of B → PP decays: one B→ ϩ Ϫ decay, four B→K, and two B→KЈ decays ͓23,24,26,27͔: 
͓CLEO͔. ͑60͒
The measurements of CLEO, BaBar, and Belle Collaborations are in good agreement with each other within errors. These decays are sensitive to the relevant form factors F 0 B→ , F 0 B→ , F 0 B→Ј , etc., and to the value of N eff . As a class-I decay channel, the B 0 → ϩ Ϫ decay is dominated by the b→u tree diagram. The band between two dotted lines in Fig. 2 shows the CLEO measurement. Since the new physics corrections are very small in size, less than 3% within the considered parameter space, the four curves for the SM and 2HDM's are close together and cannot be separated clearly. The theoretical predictions look higher than the CLEO measurement, but they are still consistent with BaBar measurement because of very large error of In the SM, the four class-IV decays B→K are dominated by the b→sg gluonic penguin diagrams, with additional contributions from b→u tree and electroweak penguin diagrams. Measurements of B→K decays are particularly important to measure the angle ␥. In model III, the new physics enhancements to the branching ratios B(B→K) are significant, ϳ(50-60͒%, and show a moderate dependence on the variations of other parameters, as illustrated in Figs. 3-6 . In models I and II, however, the new physics corrections are always very small in size.
For the decays B→K ϩ Ϫ ,K 0 ϩ , the theoretical predictions in model III are higher than the CLEO data as shown in Figs. 4 in Eq. ͑7͒ and the Appendix, and assuming ϭ0 0 , tan ␤ ϭ2, and k 2 ϭm b 2 /2. For Figs. 3͑a͒-6͑a͒, we set N eff ϭ3 and assume that M H ϩϭ 100-300 GeV. For Figs. 3͑b͒-6͑b͒, we set M H ϩϭ 200 GeV, and assume that 1/N eff ϭ0 -0.5. In all four figures, the band between two dotted lines shows the corresponding CLEO measurements with 2 errors. For B →K 0 0 decay, the inclusion of new physics contributions will improve the agreement between the data and theoretical prediction, as illustrated in Fig. 6 . For the other three B →K decays, the theoretical predictions in the model III are still consistent with the data if the theoretical uncertainties are taken into account. For B→KЈ decay modes, the situation is very interesting now. In 1997, CLEO first reported the unexpectedly large B→KЈ rates ͓28͔, which is confirmed very recently by CLEO with the full CLEO II/II.V data sample of 19 million produced B mesons ͓23,29͔. The KЈ signal is large, stable and has small error (ϳ14%). Those measured ratios are clearly much larger than the SM predictions as given in Table IV . In ͓51͔, Cheng and Yang considered various possible enhancements to KЈ decay modes in the framework of the SM 6 but found that the net enhancement is not very large:
Ϫ6 , which is smaller than the CLEO data.
7 At present, it is indeed difficult to explain the 6 As discussed in Ref. ͓5͔, B→KЈ decay may get enhanced due to ͑i͒ a small m s at the scale m b , ͑ii͒ the sizable SU(3) breaking, ͑iii͒ large F 0 B→Ј , ͑iv͒ the Ј charm content, and ͑v͒ constructive interference in tree amplitudes. But these possible enhancements are partially washed out by the anomaly effect in the matrix element of pseudoscalar densities ͓15,32͔.
7 Although this prediction is consistent with BaBar measurement, one should note that the error of BaBar measurement is still much larger than that of CLEO data. More statistics is clearly required for BaBar to make a definite conclusion. observed large rate for B→KЈ ͓23,29͔. This fact strongly suggests the requirement for additional contributions unique to the Ј meson in the framework of the SM, or from new physics beyond the SM. In models I and II, the new physics contributions are too small ͑or negative͒ to provide the required enhancement. This feature remains unchanged within the considered range of tan ␤ϭ1Ϫ50.
In model III, however, the new physics enhancements are significant, ϳ60%, and have a moderate dependence on M H ϩ and N measurement due to the inclusion of new physics enhancement in model III.
VI. B\PV DECAYS
In Tables VII-IX we present the branching ratios for the thirty-seven B→ PV decay modes involving b→d and b →s transitions in the SM and models I, II, and III by using the BSW form factors and by employing generalized factorization approach. Theoretical predictions are made by using the same input parameters as those for the B→ PP decays in the last section.
For the studied thirty-seven B→ PV decays, two general features are as follows.
The theoretical predictions for those seven measured decay rates are consistent with the CLEO data within 2 errors. All other estimated branching ratios in the SM and 2HDM's as given in Tables VII-IX are all consistent with  the new CLEO upper limits. For most decay modes, the differences induced by using whether BSW or LQQSR form factors are small, ϳ15%. We therefore use the BSW form factors only in the calculation of new physics effects.
There are so far seven measured branching ratios of B while the theoretical predictions in the SM and model III are 
where the uncertainties induced by using the BSW or LQQSE form factors, and setting k 2 ϭm b 2 /2Ϯ2 GeV 2 , ϭ0.34Ϯ0.08, and N eff ϭ2Ϫϱ, have been taken into account. Although the central values of the theoretical predictions in the SM are much smaller than the corresponding central values of the CLEO measurements, the theoretical predictions are still consistent with the data within 2 errors because current experimental error is still large. Further improvement of experimental measurements about the decay modes B →K*, K* ϩ Ϫ will tell us whether there is any discrepancy between the theory and experiments for these three decay modes. At present, any positive contributions to the above three branching ratios from new mechanisms in the SM or from new physics beyond the SM are clearly preferred by the CLEO data. In models I and II, the new physics contributions are small in size: from Ϫ15 to 20 % for most B→ PV decay modes, and have weak dependence on M H ϩ, tan ␤, and N eff , as shown in Table IX , and illustrated in Figs. 11-14 , where the long-dashed line shows the theoretical predictions in the model II.
8 This feature remains unchanged within the considered range of tan ␤ϭ1Ϫ50. When tan ␤ becomes larger, the size of new physics corrections will become even smaller.
In model III, however, the new physics contributions are significant, from 30% to 110 %, and have also weak dependence on M H ϩ, , and N these two decay modes are N eff dependent and still far below the current CLEO upper limits.
VII. B\VV DECAYS
Using the formulas as given in Sec. IV, it is straightforward to calculate the branching ratios of nineteen B u,d →VV decays. As an example, we show here the calculation of the branching ratio for the class-V decay B 
where the coefficients a 1, . . . ,10 have been defined in Eq. ͑47͒; the form factors and other input parameters can be found in the Appendix. With these coefficients a, b and c, the branching ratio B(B Ϫ → Ϫ ) can finally be written as where ͉p͉ and H 1,0,Ϫ1 have been given in Eqs. ͑42͒ and ͑45͒.
In Tables X-XII we present the branching ratios for the nineteen B→VV decay modes involving b→d and b→s transitions in the SM and models I, II, and III. Theoretical predictions are made by using the same input parameters as those for the B→ PP, PV decays in last two sections.
For B→VV decay modes, the differences induced by using whether BSW or LQQSR form factors are around ten percent in the SM and models I, II, and III. We therefore show the numerical results obtained by using the BSW form factors only for the cases of models I, II, and III. For all nineteen B→VV decays under study, the theoretical predictions in the SM and 2HDM's are still under or far away from the current CLEO upper limits, as can be seen from Tables  X-XII. In models I and II, the new physics contributions to B →VV decays are small in size: from Ϫ15 to ϳ10 % as shown in Table XII , and therefore will be masked by other large theoretical uncertainties. This feature remains unchanged within the considered range of tan␤ϭ1Ϫ50. When tan ␤ becomes larger, the size of new physics corrections will become smaller.
In model III, however, the new physics contributions to different channels are varying greatly: from Ϫ11% to ϳ110 %, assuming M H ϩϭ 200 GeV, N eff ϭ2Ϫϱ, and ϭ0°Ϫ30°. For decay modes B→K* 0 ,K* ϩ ,K* 0 , for example, the new physics enhancements are significant: ϳ(60Ϫ110)%. And hence the theoretical predictions in model III are close to or slightly surpass the current CLEO upper limits, as illustrated in Figs. 15-17 where the upper dotted line shows the corresponding CLEO upper limits at 90% C.L. These decay modes will be observed soon. 
VIII. SUMMARY AND DISCUSSIONS
In this paper, we calculated the branching ratios of twobody charmless hadronic B meson decays B u,d → PP, PV,VV in the SM and the general two-Higgs-doublet models by employing the NLO effective Hamiltonian with the generalized factorization. In Sec. II, with the help of previous works ͓38,43-45,35͔, we gave a brief review of the 2HDM's and studied corresponding experimental constraints on models I, II, and III. In Sec. III, we evaluated analytically all new gluonic and electroweak charged-Higgs penguin diagrams and found the effective Wilson coefficients C i eff in the SM and models I, II, and III. In Sec. IV, we presented the formulas needed to calculate the branching ratios B (B → PP, PV,VV) .
In Secs. V-VII, we calculated the branching ratios for seventy-six B→ PP, PV,VV decays in the SM and models I, II, and III, presented the numerical results in Tables IV-XII and displayed the M H ϩ and N eff dependence for several phenomenologically interesting decay modes in Figs. 2-17 .
From the numerical results, we find the following general features about the new physics effects on the exclusive charmless hadronic B→ PP, PV,VV decays studied in this paper.
͑1͒ The SM predictions for the B meson decay rates pre- sented in this paper agree well with those appearing in Refs. ͓7,9͔. ͑2͒ The new physics effects due to new gluonic penguin diagrams strongly dominate over those from the ␥-and Z 0 -penguin diagrams induced by exchanges of chargedHiggs bosons appearing in models I, II, and III.
͑3͒ For models I and II, the new physics contributions to the decay rates B(B→h 1 h 2 ) are always small in size: from Ϫ15 to 20 % for most decay modes. So small contributions will be masked by other still large theoretical uncertainties.
͑4͒ For model III, however, the new physics enhancements to penguin-dominated decay modes can be significant, ϳ(30-200)%, and therefore can be measured in high precision B experiments. In general, the new physics contributions in model III are large ͑small͒ for penguin-dominated ͑tree-dominated͒ B meson decay channels.
͑5͒ The uncertainties of the theoretical predictions for the branching ratios of ample, the new physics enhancements are significant, ϳ(60-110͒%, and hence the theoretical predictions in model III are close to or slightly surpass the current CLEO upper limits. These decay modes will be observed soon.
The form factors at the zero momentum transfer in the BSW model ͓13͔ have been collected in Table II In the LQQSR approach, the form factors at zero momentum transfer used in our numerical calculations are 
͑A6͒
The form factors F 0,1 (k 2 ), A 0,1,2 (k 2 ), and V(k 2 ) were defined in Ref. ͓13͔ as 
